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Abstract 
This study concerns a thermal and tribological analysis of the dry sliding steel-steel couple traversed by an electrical 
current. The tests were carried out by using a tribometer pin-disc under ambient air environment. The dry friction and 
wear of this contact are studied with different parameters such as normal load, electrical current and sliding speed 
(maintained constant V = 0.5 m/s). The test duration is 20 mn. The experimental results obtained show that these 
parameters have a more or less significant effect on the tribological behavior of the couple. Indeed, the oxidation 
phenomenon, the particles of wear resulting from this oxidation, their composition, their morphology and their 
thermal-mechanical properties, under certain conditions, play an important role and determine the life service of this 
couple. To highlight the effect of these parameters, theoretical calculations based on the theories of Archard and 
Holm have been done. These calculations allowed us to evaluate the order of magnitude of the mechanical, 
geometrical, thermal and electrical parameters. The discussion of the results is mainly based on these calculations, 
optical and SEM observations as well as other phenomena resulting from the friction process. 
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Nomenclature 
P[N] normal load
'Tm[°C]interface temperature of the pin
a[Pm] contact radius 
H[MPa]       hardness 
Q[J]             the heat quantity loss of the pin 
V[m/s]         sliding speed 
D                  coefficient of  heat repartition 
Rc[:]           electric contact resistance 
][Pm]         thickness oxide layer 
O[ W/m.K]   thermal conductivity 
U0[:.m]       electrical resistivity of oxide 
I[A]             electrical current 
CP[J/Kg.K]  thermal capacity 
J>P:m]    resistivity 
VC[V]    electrical contact potentiel difference 
A%        lengthening
1. Introduction 
The industrial problems are complex by the need to optimize the life service of the different elements, 
and involve many complex phenomena such as friction between the antagonistic surfaces, and overheating 
caused to the interface [1]. The wear processes in the sliding electrical contacts are affected by the contact 
temperature, the microstructural transformations, and the formation of tribochemical film, the fusion of 
surfaces in contact or the failures induced by the mechanical, thermal and electrical stresses [1]. In fact, 
the increase in local temperature and loss of material in the wear tracks are the result of energy dissipation 
in the friction contact zone [2].    
The aim of this paper is to study the influence of the thermoelectromecanical parameters on the dry 
friction and wear behavior of steel-steel couple.  
2. Experimental device 
The experimental device is a pin-on-disc tribometer. Tests are carried out in an ambient air (Fig.1). The 
pin (XC38) and disc (XC48) are made of steel. The disc is driven in a rotational movement of constant 
velocity with diameter of 50 mm and 12 mm of thickness. It has a lame hole in the center. The normal 
load is vertically applied with a weight P. The pin has a cylindrical shape of  length 20 mm and a diameter 
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Table 3: Values of thermal, geometrical, electrical and mechanical parameters 
 
 
 
 
 
 
6. Discussion                                                                            
6.1. Effect of the time parameter on the friction and wear  
        During the first period of contact between the elements of the couple, the wear particles are 
metallic in nature; the mutual transfer at the interface is also metal. There is very little debris in the 
contact and the friction coefficient is 0.65. Over time the debris formed, wear passive are pulled out and 
they have no effect on the tribological behavior. However, the active wear particles play an abrasive role 
in friction and wear behavior. In effect, they increase friction and reduce the randomness of the electrical 
contacts [11]. The increase of the friction coefficient, during the first moments of sliding (Fig. 2), is due to 
the interaction between the asperities of the opposing surfaces. Indeed, as and when the dynamic contact 
continues, the adaptation of surfaces occurs and the mechanism of formation and rupture of junctions 
stabilized by balance of operating conditions at the interface (running late). This increase is explained by 
the increase in real area of contact deformation and creep. This surface shape generally elliptical deforms 
and elongates in the direction of sliding. In the second period, the friction coefficient is more stable. This 
stability results from the accommodation of the interface friction. The asperities are sheared and the 
beginning of a significant production of fine particles from both surfaces is clearly observed [3]. This 
production and the rise of the mean interfacial temperature induce a stable friction coefficient. The 
changes in structure and composition of surfaces and the surface oxidation phenomenon and the mutual 
process of transfer of particles govern the friction and wear behavior of the couple [4]. 
6.2. Effect of normal load on friction and wear 
When the charge increases from 5 to 15 N, the friction coefficient follows a nearly linear curve (Fig. 
2). For loads greater or equal to 15 N, the electrical contact resistance stabilizes at 3.5 :. Most particles 
are metallic, the friction coefficient increases linearly with the load. This result in an increase of the real 
area of contact and the friction coefficient remains substantially constant. It is always in an adhesive real 
area of contact. Indeed, J. and R. Blouet [5] found that there is always a critical load beyond which the 
wear increases significantly (Fig. 5). In the first part of the curve, under low load, the wear is almost linear 
with the load (up to 15N). The increase in load, results in additional wear and probably an increase in the 
number of contact points and then by an increase in the density of junctions. At these pressures the critical 
yield stresses are reached, plastic deformation of asperities contributes to increase the contact area and 
promotes adhesion [9].  
I [A] 0 2 
a [Pm] 76 170 76 170 
L 0.84 3.11 0.84 3.11 
D 0.43 0.54 0.43 0.54 
Qp [J] 2.40 2.78 16.40 16.78 
'7m [°C] 65.82 38.40 449.5 232 
Rc [:] - 3.5 3.5 
] [Pm] - 17 84 
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6.3. Effect of electric current on the friction and wear  
      The passage of electric current intensity of 2 A does not contribute significantly to oxidation. 
However, there is a significant effect on the wear when the current exceeds 2 A. The decrease in wear is 
about 7 times less than low or no current (I  d 2 A). This is explained by the fact that the heating caused 
by Joule effect softens the steel XC38 which is a soft material [6]. Under these conditions, the friction 
coefficient gradually increases (when I increases) and then stabilizes and reaches lower values (when I = 
3A). The increase in the electrical contact resistance reflects the existence of oxide films and other 
materials at the interface [7]. The high steel oxidation leads to the rapid formation of hard asperities and 
thin layer of oxide, then the electrical contact resistance increases. The phenomenal electrical arcs appear 
to form craters. These craters are 10-20 μm in diameter.  
6.4. Effect of temperature rise on friction and wear 
The contact temperature is an invaluable element for understanding the thermal and tribological 
behavior of materials rubbing together. Actually, the mechanical power transmitted through a sliding 
contact is mainly dissipated as heat at the interface between the two contacting materials steel-steel          
(table 1) The resulting temperature rise can strongly affect the surface properties of the materials [10] 
(Fig.8), favors physico-chemical and microstructural changes and modify the rheology of interfacial 
elements trapped in the contact zone [8]. 
When this contact is crossed by an electrical current, in addition to the heat generated by friction, is 
added the Joule effect. Metal surfaces of a sliding contact are the site of chemical reactions and oxidation. 
The fresh surfaces created by abrasive wear are exposed to ambient oxygen and the moisture of the air. 
6.5. Analysis of worn surfaces 
Analyses by scanning electron microscopy and quantitative analysis are performed on samples of steel 
XC38 having rubbed on steel XC48 for applied loads of 5 N and 18.5 N at a constant speed V= 0.5 m/s 
for 30 minutes (Fig. 9). We have observed the following: 
- the micrographs of figures 9(a) and (b) show the abduction and cut away the surface material and the 
presence of more or less deep furrows plowed in the direction of movement of the rubbing surfaces. Wear 
debris present on the surface are the cause of this behavior.  
- X-ray microanalysis of some debris showed the presence of several elements (Figs.9 (c) and (d)), in 
particular a high peak of iron, a small peak of chrome and oxygen and very little other constituents. This 
is probably iron oxides, oxides of Cr and other elements that their presence is due to a mutual transfer 
between the opposing surfaces. The amount of elements transferred depends mainly on the speed and 
amperage parameters. 
(a)                                     (b)                                            (c)                                      (d) 
 
Fig.9. SEM images and X-ray analysis of the worn face of the pin (× 100): ((a) P = 5N, V = 0.5m/s and I = 2A; (b) P = 18.5N) 
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7. Conclusion 
The effect of the thermoelectromechanical parameters on the tribological behavior of steel-steel dry 
couple sliding leads to the following conclusions:   
- for low values of the electrical current less than 2 A, the friction coefficient increases gradually. 
However, there is no effect on wear.  
- for values of the electrical current higher than 2 A, the friction coefficient and wear have a decreasing 
form.   
- the presence of the electrical current activates the oxidation of wear debris and leads to an elevation 
of mean interface temperature which plays an important role in the modification of material properties and 
the oxidation phenomena.   
- the real contact zones are evaluated and the radius of the circular form is determined by taking into 
account the oxidation phenomenon (a = 70 to 170 μm).  In these conditions, the critical thickness of oxide 
coatings evolutes between 17 Pm and 8 4 Pm.   
- wear process of sliding electrical contact is modified continuously by its mechanical parameters 
according to the electrical current intensity. Surfaces can be damaged by abrasive wear, by oxidation or by 
electrical arcs at the contact.   
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